Objectives: Early determination of hospital discharge disposition status at an acute admission is extremely important for stroke management and the eventual outcomes of patients with stroke. We investigated the hospital discharge disposition of patients with stroke residing in Tennessee and developed a predictive tool for clinical adoption. Our investigational aims were to evaluate the association of selected patient characteristics with hospital discharge disposition status and predict such status at the time of an acute stroke admission.
predicting optimal postacute discharge resource allocation. Furthermore, the rehabilitation needs assessment and the subsequent insurance approval process can take days, thereby resulting in unnecessary longer hospital stays and potentially exposing patients to hospital-acquired infections. Early determination of hospital discharge disposition, especially at an acute admission, if possible, can optimize acute stroke care at the hospital, help with prognostication, allow sufficient time for patients and their families to prepare for postacute stroke care, and provide sufficient time for finding the appropriate rehabilitation program and obtaining the requisite insurance approval. 6 As such, early identification of discharge disposition may be extremely important for stroke management, decision support, and eventual outcomes for patients with stroke.
Although several studies have examined patient characteristics associated with hospital discharge disposition, the results of these studies are inconsistent. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] A literature review of 19 articles found that functional dependence, comorbidity, neurocognitive dysfunction, previous living circumstances, and marital status were significantly associated with other than home discharge for patients with stroke. 18 The effect of age, sex, race, affected hemisphere, or availability of a caregiver on hospital discharge disposition was inconsistent across studies, however. 18 Furthermore, few studies have proposed a discharge disposition predictive model for use in acute patients with stroke. A discharge disposition predictive model after acute stroke using the Taiwan Stroke Registry data with 21,575 patients with stroke was reported but lacked generalizability to populations outside Taiwan and used clinical parameters that may not be available at the time of a patient's presentation with stroke. 14 In the United States, the Northeast Cerebrovascular Consortium piloted a formal rehabilitation needs assessment with discharge referral prediction in the acute hospital setting. They determined that the sociodemographic characteristics, premorbid function, and Barthel Index activities of daily living score for patients with stroke discriminated between discharge home and inpatient rehabilitation (SNF and IRF). 19 As such, our goal was to develop and validate a simple predictive tool for determining hospital discharge disposition status using easily available patient characteristics (sex, age, race, stroke type, comorbidity, source of admission, primary payer class, and secondary payer class) at the time of a patient's presentation with acute stroke symptoms. To meet our goal, we evaluated the association of patient characteristics with hospital discharge disposition status based on the data provided by the Tennessee Department of Health through the Hospital Discharge Data System.
Methods

Study Population
We used data from the Hospital Discharge Data System maintained by the Tennessee Department of Health. The purpose of the Hospital Discharge Data System is to collect and summarize hospital claims data and to analyze and compare charges for similar types of services. 20 The dataset included all of the records of hospitalized patients with the principal diagnosis of stroke (International Classification of Diseases, Ninth Revision codes 430, 431, 433, 434, and 436). The dataset contains information on patient demographics, primary and secondary diagnoses, procedures performed, and insurance status.
Variables
We stratified age into three categories: 18 to 64 years, 65 to 74 years, and 75 years and older and stroke types were pooled into three categories: ischemic, subarachnoid hemorrhage, and intracerebral hemorrhage. We included diabetes mellitus, heart disease, hypertension, peripheral arterial disease, chronic kidney disease, hyperlipidemia, arrhythmia, and depression as comorbid conditions. Sources of patient referrals to the hospital were grouped into home or a nonhealthcare facility, clinic or physician's office, or another hospital. Health insurance was categorized into private insurance, Medicaid, Medicare managed, and Medicare fee-for-service. Discharge disposition status was defined as home discharge when patients were discharged home with or without HH care services and as facility discharge when patients were discharged to healthcare facilities such as an SNF, an intermediate care facility, IRF, and another short-term general hospital for inpatient care. 20 
Statistical Analyses
Demographic and clinical characteristics of patients with stroke with home discharge were first compared with facility discharge counterparts using Pearson χ 2 . To develop our predictive tool, we divided the whole dataset into a derivation cohort and a validation cohort. The derivation cohort consisted of records of patients with stroke hospitalized from 2010 through 2013 and the validation cohort consisted of records of patients with stroke hospitalized in 2014. Based on the derivation cohort, logistic regression was performed to estimate odds ratios (ORs) of patient characteristics associated with facility discharge. Both unadjusted and adjusted ORs with 95% confidence intervals (CIs) were considered. Next, coefficients from the multivariable logistic regression related to adjusted ORs were used to derive risk scores. 21, 22 A total risk score was calculated for each patient by adding corresponding risk scores. 21, 22 Following the logistic function, the predicted probability of facility discharge for each total risk score was given and compared with the observed counterpart. Eventually, an easy-to-use predictive tool was built by using the total risk score to predict the hospital discharge disposition status of each patient with stroke. We assessed the performance of such a predictive tool using the receiver operating characteristic (ROC) curve and the area under a ROC curve (AUC) with 95% CI. All of the statistical analyses were performed using Python version 2.7.12 (Python Software Foundation, Wilmington, DE). The institutional review board of the University of Tennessee at Chattanooga approved this research project.
Results
The original dataset for our investigation included 139,706 records of patients with the principal diagnosis of stroke, hospitalized from 2010 to 2014.We excluded 12,125 records (invalid or missing data: 1151, deceased/expired: 6855, discharged to hospice: 3185, discontinued care/court: 934). Of the remaining 127,581 records, 86,114 (67.5%) were related to home discharge and 41,467 (32.5%) corresponded to facility discharge ( Table 1 ). All of the examined patient characteristics were significantly associated with hospital discharge disposition status ( Table 1 ). The ratios of patients with stroke discharged to a facility compared with home remained stable during the study period The derivation and validation cohorts included 101,223 and 26,358 records, respectively (size ratio: 3.8:1). Based on both unadjusted and adjusted ORs, patient characteristics such as female sex; ages 75 years and older; black race; a subarachnoid or intracerebral hemorrhage; presence of diabetes mellitus, hypertension, heart disease, chronic kidney disease, arrhythmia, or depression; fee-for-service Medicare; and transfer from an outside hospital were associated with an increased risk of having a facility discharge ( Table 2 ).
The range of the calculated risk scores for patient characteristics was from −14 to 9 ( Table 3 ). The range of the total risk score for a given patient was from −20 to 39. The predicted probability of facility discharge increased with the total risk score following logistic function ( Fig. 1 ), which means a patient with a higher total risk score had a higher chance of being discharged to a healthcare facility. Because the number of patients with total risk scores of >30 was small, only results corresponding to total risk scores from −20 to 30 were reported. Furthermore, the observed probabilities of facility discharge for both derivation and validation cohorts were consistent with the predicted counterpart (Fig. 1) .
To confirm the usefulness of the easy-to-use predictive tool, ROC curves for both derivation and validation cohorts were plotted (Fig. 2) . The corresponding AUCs of the derivation and validation cohorts were 0.737 (95% CI 0.734-0.740) and 0.724 (95% CI 0.718-0.730), respectively. We simplified risk scores further, considered only five patient characteristics (sex, age, race, stroke type, and comorbidity), and exploited only two positive integers (1 or 2) to represent risks (Table 3) . When such simplified risk scores were applied, the AUCs of the derivation and validation cohorts were 0.693 (95% CI 0.689-0.696) and 0.679 (95% CI 0.673-0.686), respectively (Fig. 2) .
Discussion
In this study we developed and validated a discharge disposition predictive tool based on integer-based risk scores for patients hospitalized with a principal diagnosis of stroke. This easy-to-use tool had a significant discriminatory capability and used patient characteristics available at the time of a patient's presentation to a hospital. The hospital discharge disposition results from multiple factors with mixed effects, so risk scores were derived from coefficients of multivariable logistic regression related to an adjusted OR. Based on the adjusted OR, the top five patient characteristics associated with a high risk of facility discharge were identified as an intracerebral hemorrhage, a subarachnoid hemorrhage, hypertension, ages 75 years and older, and arrhythmia. We identified a strong correlation between hospital discharge disposition and the studied patient characteristics, which aligns with the findings of other investigators. We found that female patients with stroke in Tennessee were more likely than others to be discharged to a facility rather than home. 9 A study mentioned that patients' marital status and sex could play a role in institutionalization. 23 One of the reasons that female patients are more likely to be discharged to a facility is that male caregivers are less experienced in providing care to their spouses in comparison with female caregivers. This also aligns with the fact that patients receiving inadequate support from their caregivers often are discharged to a facility or other institutions. 24 Older patients also were more likely be discharged to a facility rather than home. 9, 14, 25 In our study the probability of patients with stroke being discharged to a facility increased as their age increased. For example, for the age group of 75 years and older (OR 1.81, 95% CI 1.72-1.91), the probability of being discharged to a facility nearly doubled compared with the age group of younger than 64 years (OR 1.00, Reference). Because it is hard for them to take care of their own health, 26 they must rely on systematic and careful management from the facility. Furthermore, as patients with stroke age, their caregivers may have a different condition and may be unable to provide adequate support for them. 14 Patients with hemorrhagic stroke also were likely to be discharged to a facility rather than home. Compared with ischemic stroke, hemorrhagic stroke is much more severe because of a higher mortality rate and different medical procedures. 27 As such, patients with hemorrhagic stroke need attentive care from institutions.
We also have found that African American/black patients were more likely than patients of other races to be discharged to facilities. 9 This finding may be confounded by a lower socioeconomic status such as education, working status, and household income.
28 Fig. 1 . Predicted and observed probabilities of facility discharge for each total risk score. The predicted probability of facility discharge increased with the total risk score following logistic function. The observed probabilities of facility discharge for both derivation and validation cohorts were consistent with the predicted counterpart. Fig. 2 . Receiver operating characteristic curves of an easy-to-use predictive tool using risk scores or simplified risk scores. This predictive tool had a discriminatory capability to determine hospital discharge disposition status at an acute stroke admission. Risk scores were derived from coefficients of multivariable logistic regression related to adjusted odds ratio. Risk scores were further simplified using only 2 positive integers (1 or 2) to represent risks. AUC, area under the curve.
Patients with stroke and diabetes mellitus, 14 heart disease, 29 hypertension, chronic kidney disease, 30 arrhythmia, 29 or depression were more likely than others to receive care from a variety of healthcare facilities. Based on the Tennessee hospital discharge data, the prevalence of hypertension among patients with stroke was high and consequentially led to an increased odds for discharge to another facility. This finding reflects the overall higher prevalence of hypertension among Tennessean adults compared with national estimates 31, 32 and highlights the need for early detection and control of this important risk factor within the state's adult population. 1, 4, 33 The OR of facility discharge for individuals with poststroke arrhythmia was high, even though the population was small (10, In this article we presented a tool developed with a focus on clinical utility and the rapidity of discharge disposition determination. The predictive tool has important clinical implications because it may serve as a strong first assessment for acute stroke discharge disposition analysis in the acute hospital setting. As discussed in the comparison to two other models reported in the literature, 14, 34 our tool is simple, can be implemented by a healthcare provider with minimal training, and can provide guidance to care coordinators at the time of admission in preparing for an adequate discharge disposition. Early discharge planning is not only associated with decreased duration of acute hospitalization but also with improved patient-centered outcomes such as decreased readmission rate and duration. 35 Furthermore, early patient transition to optimal discharge disposition reduces costs. 36 European hospitals are studying early supported poststroke discharge and exploring key patient variables such as premorbid functional status and cognitive function. 37 Likewise, our predictive tool can be used for future research to identify patient subsets that can benefit from early discharge to home. 37 Our investigation is subject to at least two limitations. First, we did not have information about the functional status of the patients with stroke, subsequent to the stroke. The functional/ behavioral measures such as the National Institutes of Health Stroke Scale (NIHSS), the Functional Independence Measure, the Barthel Index, and the Rankin Scale were not available through these hospital discharge data. Having access to any of these measures would have strengthened the final models in our analysis and would have further aided our assessment of stroke severity and its correlation with discharge disposition status. 15, 18, 38 For example, others have shown that the NIHSS score at admission is a potential factor for discharge disposition prediction, in which the corresponding AUC can be as high as 0.84. 14 The NIHSS score also has been used for risk adjustment to determine racial and ethnic differences in clinical outcomes. 12 Our findings of selected sociodemographic, clinical, and insurance status being strongly associated with the prediction of hospital discharge disposition align well with the studies in which functional/behavioral measures are included, however.
A second limitation is that the Tennessee hospital discharge data did not allow us to differentiate stroke care among patients by primary hospital. This may be an important confounder for our findings because other investigators have shown significant variability in stroke outcomes by hospital facility, where teaching hospitals and certified stroke centers reported better stroke outcomes compared with community hospitals. 39 In sum, our investigation of hospital discharge disposition in Tennessee suggests significant benefits and effectiveness in promoting both preclinical research and clinical utilization of stroke management and decision-making support. Proactive intervention, targeted treatment, and personalized care planning for patients with stroke can be enabled with the early determination of hospital discharge disposition at an acute stroke admission. Furthermore, our predictive tool, which is based on simple risk scores, may be an attractive and easily adoptable discharge risk tool for use by physicians or nurses in clinical practice, which may assist with an early discharge disposition prediction and become a standard procedure or health service in stroke management and decision support. Further study is required to determine whether our discharge disposition predictive tool may be expanded to predict discriminatively between SNF and IRF placement options and long-term patient outcomes.
Conclusions
The early determination of hospital discharge disposition status at an acute stroke admission is highly valuable for stroke management and can optimize a stroke system of care. Our study discovered the hospital discharge disposition pattern of patients with stroke in Tennessee and identified the top five patient characteristics associated with a high risk of facility discharge as being an intracerebral hemorrhage, a subarachnoid hemorrhage, hypertension, ages 75 years and older, and arrhythmia. Based on our findings, we developed an easy-to-use predictive tool using the derived integer-based risk scores. This tool can be adopted for an early and rapid determination by physicians or nurses in clinical practice.
